The primary purpose of this study was to assess the relationship between very low-level of prenatal lead exposure measured in the cord blood (<5 µg/dL) and possible gender-specific cognitive deficits in the course of the first three years of life. The accumulated lead dose in infants over the pregnancy period was measured by the cord blood lead level (BLL) and cognitive deficits were assessed by the Bayley Mental Development Index (MDI). The study sample consisted of 457 children born to non-smoking women living in the inner city and the outlying residential areas of Krakow. The relationship between prenatal lead exposure and MDI scores measured at 12, 24 and 36 months of age and adjusted to a set of important covariates (gender of child, maternal education, parity, breastfeeding, prenatal and postnatal environmental tobacco smoke) was evaluated with linear multivariate regression, and the Generalized Estimating Equations (GEE) longitudinal panel model. The median of lead level in cord blood was 1.21 µg/dL with the range of values from 0.44 to 4.60 µg/dL. Neither prenatal BLL (dichotomized by median) nor other covariates affected MDI score at 12 months of age. Subsequent testing of children at 24 months of age showed a borderline significant inverse association of lead exposure and mental function (beta coeff. = −2.42, 95%CI: −4.90 to 0.03), but the interaction term (BLL × male gender) was not significant. At 36 months, prenatal lead exposure was inversely and significantly associated with cognitive function in boys (Spearman correlation coefficient = −0.239, p=0.0007) but not girls (r = − 0.058, p = 0.432) and the interaction between BLL and male gender was significant (beta coeff. = − 4.46; 95%CI: −8.28 to −0.63). Adjusted estimates of MDI deficit in boys at 36 months confirmed very strong negative impact of prenatal lead exposure (BLL>1.67µg/dL) compared with the lowest quartile of exposure (beta coeff. = −6.2, p = 0.002), but the effect in girls was insignificant (beta coeff = −0.74, p = 0.720). The average deficit of cognitive function in the total sample over the first three years of life (GEE model) associated with higher prenatal lead exposure © 2009 Elsevier Ireland Ltd. All rights reserved. Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of the resulting proof before it is published in its final citable form. Please note that during the production process errors may be discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.
Introduction
Many epidemiologic studies have provided a solid basis to believe that prenatal exposure to low levels of lead may have demonstrable effects on cognitive and behavioral development of children (1 -3) . Lead easily crosses biological membranes including placenta and the blood-brain barrier; and this may result in considerable deposition of lead in the fetal central nervous system. Because the fetal and infant brains are in a state of rapid growth, impairment of brain cognitive function may arise from the relatively minor prenatal toxic exposure.
Numerous cross-sectional and cohort studies have reported associations between exposure to environmental lead and adverse neurodevelopmental outcomes in children such as decreased motor function, behavior problems and lower scholastic achievements (4 -11) , but the effect of timing of exposure and the biological mechanisms underlying the associations have not been fully elucidated. Needleman et al. (12) , in a meta-analysis of modern studies of childhood exposures to lead in relation to IQ, found strong support for the hypothesis that lead impairs children's IQ. However, there is a scarcity of cohort studies, which considered the effect of very low prenatal lead exposure on neurodevelopment of infants and very young children. Canfield et al (2) , and Lanphear et al (3) have published meta analyses showing effects below 10 with an apparent greater risk at the lower level. In the present study the average lead concentration in cord blood was very low (median blood lead 1.21µg/ dL.
Up to now, in epidemiologic studies the gender-specific effects of prenatal lead exposure on neurocognitive development have not received adequate attention, and sex of the child in the statistical analysis of the epidemiologic data was mostly treated as a confounding variable. However, gender differences in toxicology begin at the gamete and embryo stage under genetic and hormonal control and affect xenobiotic exposures, metabolism, susceptibility, risk and health through development, maturation and in later life. Moreover, in earlier studies on the neurodevelopment of children in the context of prenatal lead toxicity, the role of important sociocultural predictors was often underestimated or even not considered. However, the childbearing and postnatal child-rearing social environment reflects the most important social context of an infant, which has a strong impact on neurodevelopment of children.
The primary purpose of the study was to assess cognitive deficits in infants and young children in relation to very low-level prenatal exposure to lead and to examine gender-specific effects. The accumulated lead dose in infants over the pregnancy period was measured by the cord blood concentration of lead and the mental development of children was monitored at 12, 24 and 36 months of age by the Bayley test for Mental Development Index (MDI), which was designed for the assessment of cognitive development in early childhood. The secondary purpose of the study was to establish the relationship between fetal exposure and the timing of possible neurocognitive deficits over the first three years of life after adjustment for potential modifying or confounding effects of the quality of the childrearing environment (maternal education, older siblings, passive smoking).
Material and Methods
The cohort originally consisted of 505 infants who were born at 29-42 weeks of gestation between January 2001 and February 2004 to mothers participating in an ongoing prospective cohort study. The current analysis covers 457 children for whom the database was complete. The design of this cohort prospective study and the selection of the population have been described previously (13) . Women attending ambulatory prenatal clinics in the first and second trimesters of pregnancy were eligible for the study. The enrollment included only non-smoking women with singleton pregnancies between the ages of 18-35 years, and who were free from chronic diseases such as diabetes and hypertension. Upon enrollment, a detailed questionnaire was administered to each subject to elicit information on demographic data, date of the last menstrual period (LMP), medical and reproductive history. Environmental tobacco smoke (ETS) in pregnancy was recorded during standardized interviews with women performed by trained interviewers at the second and thirds trimesters of pregnancy. Exposure was estimated using a series of questions on average number of cigarettes smoked at home or at work in the presence of women over the second and the third trimester of pregnancy. Postnatal ETS was categorized into 4 categories: 0. no exposure, 1.exposure present over 12 months, 2. present over 24 months, and 3. present over 36 months; breastfeeding was divided into two categories: 0.up to 6 months 1. breastfeeding longer than 6 months; variable older siblings categorized into three categories: 0. no older siblings, 1. one sibling, 2. two or more older siblings at home; maternal education was divided into three levels: 1. elementary, 2 secondary, 3 higher.
Blood sample collection and analysis
A cord blood sample (30 -35 ml) was drawn into a vacutainer tube that had been treated with ethylene diamine tetra-acetate (EDTA). The tubes were inverted several times to mix the EDTA and the blood to prevent coagulation. Within 8 hours of blood collection, the blood samples were transported to the clinical biochemistry laboratory at the University Hospital in Krakow for processing and storage. Packed red blood cells and plasma samples were separated and stored in liquid nitrogen in the laboratory prior to shipment to Columbia University. From Columbia University, portions of samples were then sent to the Centers for Disease Control (CDC) for chemical analysis. Blood samples for lead analysis were refrigerated without any processing. Whole blood lead concentrations were determined using inductively coupled plasma mass spectrometry CLIA'88 method "Blood lead cadmium mercury ICPMS_ITB001A". This multi-element analytical technique is based on quadrupole ICP-MS technology (14) .
Mental developmental testing
The Bayley Scales of Infant Development -second edition (BSID-II) includes a mental scale, Mental Development Scale or Index (MDI) (15) . The BSID-II results are based on the assessment of 178 standardized activities. The number and sequence of these activities are chosen for each age group. The Mental Scale assesses items such as habituation, problem solving, early number concepts, generalization, classification, memory, vocalization, language and social skills. The test results fall into 1 of 4 categories: 1) accelerated performance (equal or greater than the score of 115); 2) within normal limits (85 -114); 3) mildly delayed performance (70 -84); and 4) significantly delayed (equal or lower than 69). For the purpose of the statistical analysis, the first two categories (1 + 2) were combined into one group (the normal performance), and the other two groups (3 + 4) were treated as the group with delayed performance. The BSID-II test was administered to children within 4 weeks of the target age at the Department of Epidemiology and Preventive Medicine by five trained examiners, who were unaware of the child's exposure. Interpretation of the Bayley test was based on the detailed manual instructions for evaluators (Bayley Scales of Infant Development -Manual). Standardization of mental performance scoring was done within the team in the course of team practice session with the team leader (Ilona LisowskaMiszczyk) who was trained at Columbia University with follow-up surveillance of the assessors by Dr J. Jankowski from Jeshiva University in New York.
Statistical data analysis
In the descriptive analysis, the distribution of various parameters related to women and newborns under study reflected by lead exposure level was considered. Chi-square statistics (nominal variables) and analysis of variance (numerical variables) tested differences between subgroups with lower and higher lead exposure. The relationship between lead in cord blood (dichotomized by median) and MDI scores was evaluated with linear multivariate regression. In order to assess the average effect of maternal lead exposure during pregnancy on the Bayley test scores measured at 12, 24 and 36 months of age, the Generalized Estimating Equations (GEE) model was also applied (16) . GEE utilizes data on all respondents, including those with incomplete protocols and permits simultaneous modeling of the relationship (regression) of specific risk factors with BSID II score and all three measurements over the follow-up. GEE estimates regression coefficients taking into account the correlation between scores at ages 12, 24 and 36 months. All the models computed regression coefficients of the dependent variable (BSID-II performance scores) on the main predictor variable (lead cord blood level) and potential confounders or modifiers (maternal education, gender of child, parity, breastfeeding, prenatal and postnatal ETS). Data on breastfeeding practices were collected every three months though interviews with the mothers. Prenatal environmental tobacco smoke (ETS) was measured by a average number of cigarettes smoked daily in the presence of mother over pregnancy period and postnatal ETS by a number of cigarettes smoked daily at home in the presence of child over two years in postnatal period. In the statistical multivariate models we included the confounders, which in the univariate analysis were significantly associated with children cognitive development. Statistical analyses were performed with STATA 10 version software for Windows (17).
Results
The overall distribution of lead cord blood concentrations was skewed to the left (Figure. 1) ; the median value of the cord BLL was 1.21 µg/dL with a range from 0.44 to 4.60 µg/dL. In total, 25% of newborns had BLL concentrations above 1.67 µg/dL (95%CI: 1.60 -1.80) and only 1% showed levels above 3 µg/dL ( Figure 1 ). The mean level of lead cord BLL in boys was did not differ from that observed in girls (1.23 vs.1.30 µg/dL). Table 1 presents the characteristics of the children under study grouped by gender. Boys had higher values of birth outcome parameters (weight, length and head circumference), but showed significantly lower MDI scores at each of the follow-up time points. Neither maternal education, parity, nor prenatal or postnatal exposure to ETS differed across the gender groups.
BSID-II scores measured at the three follow-up time points correlated significantly with each other. The correlation coefficient between MDI scores measured at 12 months and 24 months was 0.38 (95%CI: 0.30 -0.46) and that between MDI scores at 24 months and 36 months was 0.60 (95%CI: 0.54 -0.66). The cognitive score of children over the 3-year follow-up increased with age. There were 6.3% children with delayed cognitive functions at 12 months of age; this proportion decreased to 4.7% by the age of 36 months.
On average, the mental function of girls was significantly higher than that of boys, and the gap between the MDI scores observed between boys and girls at 12 months persisted and even became a little wider by the age 36 months (Figure 2 ). Table 2 shows that MDI scores measured over the course of the follow-up and BLL only inversely correlated in boys at 36 months of age (Spearman rank correlation). Among boys there was a significant inverse trend of MDI score at age 36 months with the level of the lead cord blood (in quartiles) ( Table 3) . Among boys at age of 24 months the inverse trend was similar but at borderline significance (data not shown).
Tables 4 -6 present the effects of prenatal lead exposure dichotomized by the median (1.21 µg/dL) on cognitive function (MDI), estimated by linear multiple regression models where the effects were adjusted for potential confounders (maternal education, parity, gender, duration of breastfeeding and prenatal and postnatal ETS exposure). The effect of prenatal lead exposure was neither significant on MDI score at 12 months of age nor on other covariates (Table 4) . Subsequent testing of children at 24 months of age showed a borderline significant inverse association of lead exposure and mental function (beta coeff. = −2.42, 95%CI: −4.90 to 0.03), however the interaction term (cord BLL × gender) was insignificant (beta coefficient −0.50, p = 0.84). While we observed a positive association of MDI score with maternal education and parity, prenatal ETS had a significant negative impact on the neurocognitive function of children at 24 months of age (Table 5 ).
At 36 months of age, we observed a significant interaction between prenatal BLL and MDI score in boys (beta coefficient = −4.46; 95%CI: −8.28 -0.63). In adjusted models, each µg/ dL increase of the cord BLL was significantly associated with boys having about 1 less point on Bayley's MDI score. As at the 24 months of age, there was a strong positive effect of higher maternal education on MDI score (beta coefficient = 4.82; 95%CI: 1.08 -8.56). The negative effect of prenatal ETS on MDI score was again confirmed (beta coeff. = −3.24; 95%CI: − 6. 11 to − 0.37) and the presence of older siblings at home correlated inversely with the cognitive development measured at 36 months of age (Table 6 ). Regression of fitted MDI 36 score by gender on log-transformed cord blood lead levels are presented in Figure 3 , and the comparison of the distributions of MDI 36 scores between gender groups and the prenatal lead exposure level (BLL dichotomized by median) have been shown in Figure 4 .
In Table 7 , we presented adjusted estimates of MDI deficit at 36 months of age due to prenatal lead level (in quartiles) based on multiple linear regression models by gender strata. While there was very strong negative impact of prenatal lead exposure (BLL>1.67µg/dL) in boys (beta coeff. = −6.2, p = 0.002), the effect in girls was insignificant (beta coeff = −0.74, p = 0.720).
The longitudinal analysis of the association between prenatal lead exposure (dichotomized by median BLL) and cognitive function in total study sample (GEE model) is presented in Table 8 . This analysis again showed that the average adjusted deficit in the cognitive development in the total sample over the first three years of life associated with higher prenatal lead exposure (BBL >1.67 µg/dL) compared with the lowest quartile of exposure (BLL <0.99 µg/dL) was also significant (beta coefficient = − 3.00; 95%CI: −5.22 to −0.70), but the interaction term (BLL × gender) was insignificant (beta coefficient −1.79; p = 0.270). The adjusted effect of prenatal ETS exposure remained inversely associated with the MDI score (beta coefficient = −2.17, 95%CI: −4.01 to −0.34). The mental function of boys was significantly lower than in girls (beta coefficient= −4.11; 95%CI: −5.66 to −2.58) and the impact of maternal education remained strongly positive. Interestingly, presence of older siblings at home had a significant negative impact on cognitive function of children, and the beneficial effect of breastfeeding was at the border significance level.
Discussion
The infants in our study were exposed prenatally to very low lead concentrations, that ranged between 0.44 -4.60 µg/dL with a median 1.21 µg/dL. On average, MDI scores over 3-year follow-up were inversely and significantly correlated with lead cord blood concentrations (GEE model). The effects of prenatal lead exposure on the mental score in girls were neither confirmed at each time point of the follow-up nor in the longitudinal GEE model. The negative impact of prenatal lead exposure (above >1.21 µg/dL) on MDI score observed only in boys at age of 3 years amounted to a deficit of 4.5 points (between the high and low exposed, as determined by a cut-off point at the median). Only at age of three years there was a statistically significant interaction term (BLL × male gender) and a significant trend of MDI deficit with prenatal lead exposure (in quartiles of exposure). In all linear multivariate and GEE models, the association between cord blood lead level and the cognitive scores of children was adjusted for potential confounders such as maternal education, gender of child, parity, breastfeeding and ETS exposure.
On average, the mental function of girls was significantly higher than that of boys and the initial gap between the MDI scores observed between boys and girls at 12 months persisted and even became a little wider by the age 24 months The cognitive gap between boys and girls might reflect different rates in cognitive development in boys and girls in early childhood or result from different effects of escalating socio-cultural challenges to children's cognitive ability with age. The cognitive gap might also reflect a possible delay in the distinct manifestation of the cognitive deficit recognizable by BSIDII test or the persisting functional brain damage in boys in the sphere of cognitive function. The results also indicated that other early life factors such as social and maternal behavior or maternal education may modulate the associations between prenatal lead exposure and cognitive development.
Early cognitive deficits in early childhood related to very low prenatal lead exposure are biologically plausible since the peak vulnerability of children to environmental lead would correspond to fetal rapid brain growth, especially during times of synaptogenesis, arborization, and dendritic pruning (19) (20) . The proposed biological mechanism of lead toxicity are based on the effects of lead on the blood-brain barrier and on neurotransmitter function and hypothesize that lead produces 'synaptic noise' and inappropriate pruning of the synaptic connections.
Most epidemiologic studies have reported neurobehavioral effects of lead at higher exposures than those reported here, either occurring in childhood or prenatally. The metaanalysis of 12 studies of childhood exposure to lead in relation to IQ found that the estimated deficits of approximately 2 -6 points on tests of intelligence for every 10 µg/dl increase in blood lead concentrations among school children (12) . However, the power of the studies to find an effect was limited, below 0.6 in 7 of the 12 studies. Our results are consistent with the data reported by Bellinger et al (21) who analyzed longitudinally the effect of prenatal and postnatal lead exposure on early cognitive development of children (BSID) examined semiannually over two years. In their work, the estimated difference between the adjusted mental performance of the prenatal lower exposure group (<3.0 µg/dL) and the higher exposure group (>10 µg/dL) was 4.8 points. Scores were not related to infants' postnatal blood lead levels.
Gender differences in exposure to toxic metals have been well-documented in the literature, but not much about gender differences in susceptibility. It is thought that gender differences in susceptibility to toxic environment may result from the already well-documented fact that specific areas of the brain develop differently in males and females under the influence of a disproportionate number of genes present in the X and Y chromosomes and sex hormones (22) . It is understood that estrogen plays an important role in regulating neural structure and brain function and there is a distinct anatomical difference in the distribution and density of estrogen receptors in the brain between males and females. As males generally have fewer estrogen receptors throughout the CNS as compared to females, it is thought that the consequences of neurotoxicant exposure and the gender differences in the response to toxic exposure can partially depend on the protective effects of estrogen. Moreover, the CNS maturation is accompanied by extensive pruning and competitive eliminations, leading to restructuring and reorganization of brain function. This in turn may lead to more distinct and permanent gender-related differences in the various neurotransmitter systems in both health and disease. These differences may be manifested in early cognitive responses to xenobiotics in childhood.
The results of our study strengthen evidence that cognitive deficits of boys may reflect gender-specific differences in the various neurotransmitter systems, which subsequently lead to increased susceptibility. Up to now few studies in humans have found any sizeable gender differences following developmental exposure to very low levels of environmental toxic metals. However, Bellinger and colleagues (1, 21) , in their studies of lead exposure at levels higher than those in the present study, found that male gender was more affected and childhood social class mitigate the adverse association of lead exposure and childhood intelligence. Grandjean et al (23) in the Faroe Island mercury study found that schoolboys in the more exposed group showed worse reaction time and hand-eye coordination than controls.
In the course of our cohort study we have been able to show not only the adverse effect of lead exposure but also prenatal ETS exposure on the cognitive development over 3 year follow-up. The adverse impact of fetal exposure to ETS over the first years of life may be due to mechanisms exerted by ETS constituents. They may alter receptor-mediated cell signaling in the brain (24) , induction of P450 enzymes (25) or cause DNA damage by activating apoptotic pathways (26, 27) . Our observation is in agreement with the results of Rauh et al. (28) who reported significant decrease in cognitive test scores among two-year olds who were exposed prenatally to ETS, after controlling for ETS exposure during the first two postnatal years. Since indoor PAHs result to a great extent from ETS, the ETS-related cognitive deficit could be attributable in part to PAHs. The earlier study of Perera et al. (29) showed that PAHs at levels encountered in the urban community may adversely affect cognitive development of preschool children. It is not yet clear to which extent the higher levels of maternal blood-lead observed in ETS-exposed women may eventually explain ETS-related cognitive deficits in very young children (30) .
At present there is no definitive and clear explanation for the positive association between maternal education and neurocognitive development of children, which has been observed in our study. Educational level of mothers is not only a proxy of socioeconomic status of the family, but it may be related to other relevant factors such as maternal behavior, life style, dietary habits before and during pregnancy or feeding practices of infants and young children. With the exception of breastfeeding, none of these variables mentioned were considered in our analysis. Maybe less educated mothers are not as responsive as better educated mothers to their infants' needs or present some less favorable behavior during early childhood. Children living in low socio-economic environment are more likely to be exposed to lead or other chemical hazards and the adverse effects of lead may be more pronounced in lower compared to higher socio-economic groups. Studies carried out by Bellinger et al. (31) and Winneke et al. (32) suggest that social context modifies the effects of chemical neurotoxins. For example, material hardship has been demonstrated to modify the neurotoxic effects of tobacco smoke in children in the study done by Rauh et al (28) . The way in which maternal behavior may affect the development of children was discussed in the recently published paper by Surkan et al (33) . The authors explored the modifying effects of maternal self-esteem on the association between exposure to lead and neurodevelopment of children. In adjusted models, each point increase in maternal selfesteem was significantly associated with children having 0.2 higher score on the Bayley's MDI score. The observed beneficial effect of self-esteem was independent of child gender, blood lead levels, maternal IQ, maternal education, parity, maternal smoking during pregnancy, and alcohol consumption. Moreover, there was evidence that maternal selfesteem attenuated the negative effects of lead exposure, although the interaction term was insignificant. With respect to behavioral pathways, higher self-esteem may be linked to a variety of positive health practices. One can speculate that mothers with higher self-esteem may be less depressed, have a better mother-child interaction and provide a higher level of intellectual stimulation or emotional support to their children.
Interestingly, the presence of older siblings at home showed a negative impact on mental development of children in our study. The number of children at home may again be a proxy not only for socio-environmental factors operating in early childhood, but also related to a higher risk of viral infections introduced by older siblings into household, which in turn may effect children's neurodevelopment. On the other hand, maternal attention being spread over a couple of children may mean mothers are less responsive to each child's particular needs. In this respect the results of our study calls for more research efforts aiming at explaining the other factors hidden behind proxy measures for the quality of maternal care of babies.
The most sensitive neurocognitive endpoints for low-level lead toxicity are not yet known. Some investigators have focused on motor development and others on visual/motor performance based upon the effects of lead observed in occupational settings. In order to capture the early cognitive outcomes of lead exposure in the womb, we have chosen the Bayley mental test for measuring the mental function at follow-up, which is a well standardized tool suitable for intellectual deficits among infants and very young children longitudinally. Not only are the scales well standardized, but they offer an early and fairly comprehensive measure of cognitive functioning. The Bayley taps abilities such as attention, memory, and perceptual reasoning which are thought to be fundamental components of early as well as later intellectual functioning.
Because many epidemiologic studies involve small study samples, the lack of the power has been a major problem in human studies. Ours was adequate to detect the significance of effect of lead among boys. The strengths of the study are that the design was balanced in terms of sample size of boys and girls, and that a set of important confounders potentially affecting child development such as maternal education and ETS exposure was considered. However, our study sample may not be representative of the entire female urban population in the country because enrollment covered only pregnant nonsmoking women with singleton pregnancies between the ages of 18 and 35 years who were free from such chronic diseases as diabetes and hypertension. On the other hand, these inclusion criteria helped us eliminate from the study infants who were at a greater risk for neurocognitive disorders because of maternal chronic diseases or active smoking. Nevertheless, we were not able to control the cognitive function of children for postnatal lead exposure, but the postnatal exposure might not confound the effect of prenatal lead exposure as it was shown by Bellinger et al. (21) . Neither paternal occupational exposure as a possible source of postnatal lead exposure nor various behavioral features of boys and girls (e.g. child's playing outdoors, increased hand to mouth activity, etc.) which could have affected postnatal exposure to lead were considered in the study. However, we were able to confirm that neither the communal water supply system nor domestic heating, nor vicinity to busy roads differentiated the exposure groups defined by the prenatal BLL.
Summing up, the data from our study demonstrated a neurotoxic impact of very low-level of prenatal lead exposure in male children. The results provide evidence that susceptibility to prenatal lead exposure is different across gender groups and should persuade policy makers to take into consideration gender-related susceptibility in setting environmental protection guidelines. To determine whether the cognitive deficit documented in this study persists to older ages, we plan to continue the follow-up of the study sample over the next several years. This will enable us to assess the dynamics of mental development of children in relation to prenatal and postnatal lead exposure. Histogram of BLL in the total study sample Regression of fitted MID 36 score on log-transformed concentrations of cord blood lead level grouped by gender. Comparison of the distributions of MDI 36 scores between gender groups and the prenatal lead exposure level (BLL dichotomized by median). Vertical reference lines correspond to mean MDI 36 score in boys and girls found in the lower exposed group. Spearman rank correlation coefficients between lead cord blood concentrations (µg/dL) and BSIDII scores measured at 12, 24 and 36 months of age grouped by gender Multiple linear regression models testing prenatal lead level (in quartiles*) at 36 months of age by gender strata, (MDI scores adjusted for potential confounders) 
